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$y A culture containing viable cell mass of bifidobacteria and lactic acid bacteria, and a process for preparing said culture. 

© This invention relates to a culture containing viable cell 
mass of Bifidobacteria and lactic acid bacteria, which is 
obtained by incubating microorganisms of genus Bifidobac- 
terium well known and having had specified characteristics 
during said cultivation, well known genus Lactobacillus and 
Streptococcus thermophilus having high oxygen uptake 
ability and large number of viable cells at the time immedi- 
ately after the incubation in a medium containing milk as a 
main ingredient, and to a process for preparing said, culture 
by inoculating a starter mixture compirising (a) a starter of 
said genus Bifidobacterium, (b) a starter of said genus 
Lactobacillus and (c) a starter of said Streptococcus thermo- 
philus to a medium containing milk as a main ingredient and 

aorobically incubating said medium; or separately each of . . ''>^*! 

said starters to the respective medium, aerobically incubat- .' '-^^^^ ' ^* * / ' ^^-'-fiK 

ing each of said media and. finally mixing the obtained 

culture together. 



a. 

LU 
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A CULTURE CONTAINING VIABLE CELL MASS OP BIFIDOBACTERIA 
AND LACTIC ACID BACTERIA, AND A PROCESS FOR PREPARING 
SAID CULTURE 

5. This invention relates to a culture containing 

viable cells of Bifidobacteria and lactic acid 
bacteria with less mortality of the Bifidobacteria 
when reserved in aerobic conditions, which con5)rises 
10- viable cell mass of microorganism belonging to the 
genus Bifidobacterium (which will be hereinafter 

referred to as -Bifidobacteria"), and viable cell mass 
of microorganism belonging to the genus Lactobacillus 

15. (which will be hereinafter referred to as "lactobaciHus 
bacteria"), and new Streptococcus thermophilus having 
a high oxygen uptake ability (which will be hereinafter 
referred to as "S bacteria"), and a process for 

20. preparing the same. 

The Bifidobacteria are the most predominant ' 
bacteria in human intestines, and their significance 
in health has been widely studied. They have been so . 
far utilized in medicines for intestinal disorders, 
25. food and nutrients, etc. 

The Bifidobacteria also play a favorable role in 
the animal intestines which is similar with the case 
^r rri^^^^.x^'^.'nan -intestines^ . and ;h.aye been vatili zed as- :...;v.'^.r^^^^^^ 
animal feed. 
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However, the Bifidobacteria are incapable to 
survive against the storage for a prolonged period in 
an aerobic environment where oxygen exists at the 
lower pH range because they are obligatory anaerobes 
5. and their acid resistivity is viery limited. It has 
been unable to ensure the considerable number of 
viable Bifidobacteria cells in the cultured products 
when the Bifidobacteria are applied to them. [Dmada: 
10-. New Food industry. Volume 24, No. 1, page 63 (1982)1. 
The value of survival fraction of Bifidobacteria, in 
the cultured products as expressed by a percentage of 
the number of viable cells of Bifidobacteria after 
15. being reserved to that of viable cells of Bifidobacteria 
at the moment immediately after the preparation was 
lowered due to a synergistic adverse effect of 
exposure to oxygen in the air and low pH in the 
20. process of preparation and storage. -To solve those 
problems described above, a) a sophisticated manner 
for manufacturing or a special product form which 
prevents the product from contact with air during the 
preparation and storage, and b) a application of a 
25. mutant strain of Bifidobacteria having acid and oxygen 
: resistances has been attempted. However the procedure 

a) causes an increase in production cost. The acid or 
V oxygen resistant mutants of Bif idobacterium breye ,^ . , 
(Japanese Examined Patent Application Publication 
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Gazette No. 42250/1981; Japanese Unexamined Patent 
Application Publication Gazette No. 99190/1982), 
Bifidobacterium bifidum (Japanese Examined Patent 
Application Publication Gazette No. 42250/1981) and 
5. Bifidobacterium longum (Japanese Patent Application 
No. 106182/1982, filed by the present inventors for a 
patent) were isolated, but this technology is solely 
applicable to the restricted species of the Bifidobacteria 

10. and is less practical. 

The oxygen uptake ability of Lactobacillus 
acidophilus, Lactobacillus arabinosus^ Lactobacillus 
batatas, Lactobacillus casei, Lactobacillus delbrueckii, 

?5.. Lactobacillus fermentii, Lactobacillus plantarum and 

Lactobacillus sake, belonging to the genus Lactobacillus, 
have been reported [Kitahara and Fukui: Journal of 
the Agricultural Chemical Society of Japan, Volume 26, 

20. . page 555 (1952) ; C. F. Strittmatter: Journal of 

Biological Chemistry, Volume 234, page 2789 (1959); M. 
I. Dolin: The. Bacteria^ Ed. 1^ C. Gunsalus, R. 
Stainer, Acad. Press Inc., page 425 (1961); Iwamoto et 
al: Journal of the Pharmaceutical Society of Japan, 

25. Volume 99, page 354 (1979)], Leuconostoc mesenteroides 
belonging to the genus Leuconostoc [Iwamoto et al: 
Journal of the Pharmaceutical Society of Japan, Volume 
99, page .354 (1979)], and. Streptococcus ;agalactiae, _ 
Streptococcus cremoris. Streptococcus faecalis, 
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streptococcus f aecium. Streptococcus lactis. 
Streptococcus liquefaciens and Streptococcus 
mastitidis, belonging to. the genus Streptococcus [O. 
J. O Kane, I. C. Gunsalus: Journal of Bacteriology/ 
Volume 56, page 499 (1948); Obayashi et aii Journal 
of the Agricultural Chemical Society of Japan, Volume 
34, page 272, (1960); M. I. Dolin: Bacteria, Ed. I. C. 
Gunsalus & R. Y. Stainer, Acad. Press Inc. , page 425 
(1961) ;. Mi N. Mickelson: Journal of Bacteriology, 
Volume 94, page 184 (1967); R-. F. Anders et al: 
Applied Microbib logy. Volume 19, page 608 (1970); M. 
J. Coventry: The Australian Jburna:i of Dairy 
Technology, Volume 33, page 148 (1978); Iwamoto et ai: 
Journal of the Pharmaceutical Society of Japan, Volume 
93, page 354 (1979)1. Tinson etal. reported that the 
oxygen uptake rate of Streptococcus thermophilus. 
(which will be hereinafter referred to as "thermophilus 
bacteria"), was 7.3 >^^m6les for 90 minutes per 12 mg of 
dried cell mass at 33.5*'C when skim milk containing 
0.1% yeast extract is used as a substrate [The 
Australian Journal of Dairy Technology, Volume 37, 
page 14 (1982)]. This oxygen uptake ability, when 
converted to unit in one minute per one mg of dried 
cell mass, was 6.76 nano moles of oxygen molecules. 
The oxygen uptake. ability will be hereinafter 
expressed by nano moles as' defined .2ibove. These past 
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studies prompted the present inventors to examine the 
stimulation of viability of Bifidobacteria by removal 
of oxygen form the environment which might be achieved 
by oxygen uptake ability of the coexistent Streptococcus 
or lactobacillus bacteria. 

The ratio of the cell number of lactobacillus 
bacteria to that of thermophilus bacteria in the 
conventional fermented milk is in a range of 
approximately 1:4- 4 : 1 [R. K. Robinson^ A, ¥• 
Tamime: Journal of the Society of Dairy Technology, 
Voliame 28, page 149 (1975) ; Morichi : Bulletin of 
Japan Dairy Technicial Association, Volume 25, page 2 
(1975); Kikuchi: Fermentation and Industry, Volume 37, 
page 133 (1979)]. Schuler et al. [Milchwissen- 
schaft. Volume 23, No, 9, page 554 and No* 10, page. 614 
(1968)1 described a. starter composition for fermented 
milk of 5:1:1 apporximately in the ratio of 
Streptococcus : Iiactobacillus acidophilus : Bifidobacteria, 
and observed that the composition of the three 
microorgaimsms for the starter in the resulting 
fermented product was 15 : 1 : 2 after the fermentation 
was terminated. The survival fraction of the 
Bifidobacteria was about i % when the ferinented milk 
was preserved at pH 4.6 - 4.9 for 7 days. 

As described above, the survival fraction of the 
Bifidobacteria, werie considerably lowered in the r 
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presence of lactobacillus and thermophilus bacteria 
which are seemed to be due to a limited oxygen uptake 

ability of the latter two bacteria. 

However,, the present inventors isolated the S 

5. bacteria, a new strain of thermophilus bacteria, which 
have a high oxygen uptake ability. The survival 
fraction of the Bifidobacteria in fermented milk, 

having a low pH , remarkably elevated in the presence 
10. of the said S bacteria owing to lowering the oxygen 
concentration in the environment. 

An object of the present invention. is to provide 
a culture which causes a high survival fraction of the 
15. Bifidobacteria when the culture is stored under 

aerobic conditions and also a process for preparing 
the same. 

Another object of the present invention is to 
20. provide a culture which is to be utilized for food, 
nutrient, medicines for intestinal disorders and . 

. animal feed having a high survival fraction of the 
Bifidobacteria even when the culture is stored under 

aerobic conditions. 
25, The details of the present invention will be 

described below: 

A culture according to the present invention 
contains at least known Bifidobacteria apd.lacto^^^ _ 
bacteria, and the novel S bacteria, in which the! 
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number of viable cells of the S bacteria in a culture 
immediately after preparation is at least 10 times as 
many as that of the lactobacillus bacteria. According 
to the procedure of the present invention, the number 
5. of viable cells of the. Bifidobacteria in one gram of a 

culture immediately after preparation is at least 2 x 10^^ 
and the survival fraction of the Bifidobacteria when 
stored at 5*C for 7 days or an equivalent conditions, 

10. is assured to be. at least 5%. Total number of viable 
cells of Bifidobacteria in one gram of a culture 
immediately after preparation is at least 1.3 x 10^. 
This remarkable effect for prevention of the 

15. Bifidobacteria from morality in a culture according to 
the present invention is due to a high o^^gen uptake 
ability of the S bacteria contained therein, and such 
a distinguished survival of the Bifidobacteria has not 

20. been so far succeeded. Thus, a culture according to 
the present invention can be utilized for food, 
. nutrient or animal feed as such or after being 
subjected to the ordinary processing, or can be 
utilized for medicines for intestinal disorders after 

25. f reeze-drying of the culture according to the ordinary 
procedure. 

The process for preparing a culture according to 
the present invention is as follows: . . 

A culturing mediums for the present invention 
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contains cow's milk, skim milk, reconstituted skim 
milk or their concentrates as the main ingredient . with 
or without addition of growth-promoting substances for 
the individual bacteria which have been sterilized 
5. according to the ordinary procedure. The sterilized 
and cooled medium is inoculated with starter cultures 
of the Bifidobacteria, the lactobacillus bacteria and 
the S bacteria which is prepared according to the 

10. ordinary procedure in a ratio of 100. : 0.5 - 50 : 3 - 
600 by weight depending on the desired object when the 

quantity of the Bifidobacteria is taken as 100. The 
starter mixture is inoculated in the medium in a 
15. concentration of 1.4 - 16% (V/V). 

Culturing is conducted at 37 - 42-C for 3 - 24 
hours according to the ordinary procedure. Immediately 

after preparation, on^ gram of the culture thus ^ 
20- obtained normally contains 2 - 500 x lo\ 1 - 20 x 10 
and 5 - 100 x 10^ viable cells of the Bifidobacteria, 
of the S bacteria, and of the lactobacillus bacteria 

respectively. 

Alternatively, subcultures of the Bifidobacteria, 

25. the lactobacillus bacteria and the S bacteria are 

inoculated in the separate media in concentration of 
3 - 10% CV/V), 1 - 5% (V/V), and 1 - 5% (V/V), 
: - respectively, -and cultured -at^ST -, 42 ?C. for.. 3^^2^ 

hours to obtain the starter cultures.- One gram of the 
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respective starter contains 5 - 50 x 10^ viable cells 
of the Bifidobacteria, 2 - 20 x 10^ viable cells of 
the lactobacillus, and 1 - 10 x 10^ viable cells of 
the S bacteria. Then, the starters of the Bifidobacteria 
5, (the quantity is taken as 100) , the lactobacillns 
bacteria and the S bacteria are mixed in a ratio of 
100 : 0.28 - 625 : 11 - 24,800 by weight, depending 
upon the concerned object , to obtain a mixed culture. 

10. As described above, the process for preparing a 

culture according to the present invention is very 
simple aind only requires the conventional installation 
process, but exhibits an effect of remarkable increase 

15- of. the survival fraction of the Bifidobacteria after 
being stored owing to a function of the novel S 
bacteria. 

1) Isolation of the strains belonging to 

20. Streptococcus thermophilus : 

The strains belonging to Streptococcus thermophilus 
were isolated according to the following method by 
Ozawa et al method [Bulletin of the national institute 
of Agricultural Sciences, Series G (Husbandry), No. 5, 

25. page 41 (1953)3. Numerous preparations of the 

coagulated milk which were obtained by standing raw 
milk at 45 - 50**C for 4-5 days, or naturally 
acidified milk were microscopically inspected. Those 
samples, in which the existences of Streptococcus were 
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confirmed, were inoculated xn 10% (W/W) reconstituted, 
skim milk sterilized at IIS^C for 15 minutes in a 
concentration of 5% (V/V) and cultured at 45 " 50-C. 
' Then cultures were transferred 2-3 times in the . same 
5. manner as above, and one platinum loopful of the 

cultures were spread onto agar plate of M-17 medium 
[Applied Microbiology, Volume 29, No. 6, page 807 
(1975)3 and incubated at 4d»C for 2 - 3 days for 
10. colony formation. Bacteriological properties of the 
cells of the colonies were referred to those of the 
thermophilus bacteria described in the said Bergey's 
Manual of Determinative Bacteriology, and 40 strains 
. 15. idenitified to be Streptococcus thermophilus. 

2 ) Oxygen uptake ability of the thermophilus 
bacteria: 

40 strains belonging to the streptococcus 
: 20. thermophilus which were isolated from the coagulated 
milk and naturally acidified milk. Streptococcus 
thernraphilus 9^ which was donated by Dr.Morichi of 
National Institute of Animal Industry as an authentic 
strain [The Japanese Journal of Zootechnical Science, 
25. volume 53, page 161 (1982)1 and Streptococcus 

thermophilus ATCG 19258, which was obtained from 
American Type Culture Collection and was abbreviated 

were vHibjected to -determination 
of the oxygen uptake ability by the following manner. 
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They Were inoculated in a culture mediim [Journal 
of the Agricultural Chemical Society of Japan, Volume 
45, page 423 (1971)1 in a concentration of 5% (V/V), 
and subjected to stationary culturing at 37**C for 16 
5. hours. Cells were separated from the resulting 
culture medium by centrif ugation, and aseptically 
washed with a sterilized physiological saline. The 
cells were then suspended in a sterilized physiological 

10. saline in a concentration of 3 - 5 mg of cell mass 
(dry basis) per ml. Oxygen uptake ability of each 
strain was determined according to manometric method 
by Warburg [Yoshikawa et al: Kagaku no Ryoiki 

15. (Journal of Japanese Chemistry), special issue. No. 

13, ••Warburg's manometer", Nankodo, February (1954)], 
as being outlined below: 

A reaction vessel with two side compartments was 

20. used. One. mi of the said bacterial suspension and 

0.5 ml of 0.1 M sterilized phosphate buff er solution 
having pH 6.0 were placed in the main compartment of 
reaction vessel, and two aliquots of 0.75. ml of 20% 
(W/W) sterilized reconstituted skim milk was placed in 

25.. two side compartments for a substrate solution. A 
filter paper, impregnated with 0.2 ml of 20% (W/V) 
potassium hydroxide solution, was placed in an 
auxiliary compartment , as a . carbon dioxide absorber. 
The vessel. was previously shaked for 5 minutes at 37*'C 
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and then the substrate solutions in the side 
compartments were poured into the bacterial suspension, 
oxygen uptake ability was measured at every 3 minutes 
to determine the maximum uptake rate, which was 
5. defined as an oxygen uptake ability. 

Oxygen uptake ability by the tested strains is 
tabulated in Table 1. 

Table 1 

Oxygen uptake ability 
10- Strain in naho moles 



15. 



20. 



9Y 



ATCC 


19258 


STH 


^ 01 


STH 


- 17 


STH 


- 23 


STH 


- 50 


STH 


- 15 


STH 


- 32 



other 34 strains 



19.8 
10.1 
30.0 
37.3 

42.3 . 
78.5 
14.7 
12.1 

less than 18-5 



AS is obvious from Table 1, 36 strains among the 
isolated 40 strains had an oxygen upatke ability less 
than 18.5 nano moles, whereas an oxygen uptake 
abilities of other four strains were 30.0 - 78.5 nano 
„,oles. The- standard strain, 9Y, and ATCC 19258 strain 
r: had an oxygen ^ uptake., ability. of .19. 8,.and, . , 

moles respectively. 

The present inventors attempted to measure an . 
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oxygen uptake ability of the four strains, having such 
a high oxygen uptake ability, according to the same 
procedure as the method by Tinson et al. However 
these four strains had such a remarkably high oxygen 
•- Uptake ability that the measurement after 90 minutes' 
reaction as proposed by Tinson et al, was incapable. 
Thus the time period, required for uptake o£. 7.3. y^C 
moles of oxygen molecule as discribed by Tinson et 
al. , was measured according to the same procedure as 
the method by Tinson et al. The value by Tinson et 
al. was 90 minutes, whereas those value of strains 
STH-01 and STH-23, of strain STH-17, and of strain 

• STH-SO were 26, 28 and 21 minutes respectively. Those 
values of strain 9Y and strain ATCC 19258 were 46 and 
140 minutes respectively. STH-01, 17, 23 and 50 had 
the oxygen uptake abilities which were remarkably 

• higher than in the case of other strains. 

3) Bacteriological properties of STH-01, 17, . 23 
and 50: 

The present inventors studied on the bacteriological 
properties of these four strains and found that the 
- bacteriological, properties, other than a high o^gen 
uptake ability, were identical with those of the 
authentic thermophilus bacteria described in Bergey's 
Manual of- Determinative Bacteriology as given below: 

" (A) Form of the c^ll'^ aetobicaily incubat^^ ■ ' 
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37**C for 48 hours on M-17 agar plate: 

a. Size (diameter): 0.7 - 0.9 /^m 

h. Shape: spherical or ovoid, pair or chain 

(B) Form of colonies aerobically cultured at 

37.^C for 48 hours on M-17 agar plate: 

a. Shape: circular 

b. Elevation: convex circle 

c. . Periphery: smooth 

d. Size (diameter): 0.5 - 1.5 mm • 

e. Color tone: whitish and opaque 
Surface: smooth and lustrous 

(C) Gas: non-producing 

(D) Does not grow below 20 ^'C. 

(F) Non-motile 

(G) Endospore not formed. 

(H) Gram-positive 

(I) Benzidine-negative 
CJ) Catalase-negative 

(K) Survives against heating at SS'^C for 30 
minutes. 

. (L) Does not grow in the presence of 2% (W/V) 
sodium chloride. 

(M) Does not grow in milk containing 0.1% (W/V) 
methylene blue. 

(N) Does not grow at pH 9,6. " . 

(O) Acid is proauced from glucose, fructose. 
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sucrose and lactose, no acid is produced from 
arabinose, xylose, raffinose, maltose, trehalose, 
inulin, mannitol, sorbitol, salicin and glycerol. 
(P) Does not produce ammonia from arginlne. 
5. Even after successive transfer culture over 20 

times, they had a high oxygen uptake ability • Thus, 
the present, inventors classified these microorganisms 
as novel strains and termed strains STH-Ol, STH-17, 
10. STH-23 and STH-50 as Streptococcus thermophilus 

M-8202, Streptococcus thermophilus M-8203, Streptococcus 
. thermophilus M-8204 and Streptococcus thermophilus. 
M-8205 respectively^ which were deposited in 
15. Fermentation Research Institute, Agency of Industrial 
Science and Technology on October 22, 1982 with 
accession numbers of FERM BP-351, FERM BP-352, FERM 
BP-353 and FERM BP-354 respectively. 
20. 4) Ratio of number of viable cells of the 

thermophilus bacteria to that of the lacto bacillus 
bacteria: 

M-82b5 {STH-50) and STH-32, typical strains of 
the S bacteria and the thermophilus bacteria having a 
25. low oxygen uptak ability respectively, and Lactobacillus 
bulgaricus and Bifidobacterium longum (ATCC 15708), 
Bifidobacteria for typical strains of lactobacillus 
bacteria, were used to prepare fermented milk product. 
The ratio, of the number of viable cells of the 
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thermophilus bacteria to that of the lactobacillus 
bacteria, was varied in the ferment milk products and 
the survival of the Bifidobacteria in them were 
tested. Starters of the thermophilus bacteria and the 
5. lactobacillus bacteria for the test were prepared by 
inoculating subcultures of them separately in 10% 
(W/W) reconstituted skim milk which was sterilized at 
115**C for 15 minutes each in a concentration of 3% 
10. (V/V)r followed by culturing at 37°C for 16 hours. 
Starter of the Bifidobacteria was prepared by 
inoculating the subculture of it in n a 15% (W/W) 
reconstituted skim milk containing 0.25% (W/W) yeast 
15. extract which was sterilized at 115''C for 15 minutes 

in a concentration of 10% C.y/V), followed by culturing 
at 37 "C for 5 hours. The starters of the thermophilus 
bacteria and the lactobacillus bacteria were 
20. ihoculated in cow's milk, homogenized and then 

sterilized at 90°C for 10 minutes, in ratios of the 
former to the latter starter of (1) 1.0 : 2.0, (2) 1.5 
: 1.5, (3) 2.5 : 0.5, (4) 2.8 : 0.2 and (5) 5.9 : 0.1 
in percentage by volume, and then the starter of the 
25. Bifidobacteria was further added to the every test 

composition of (1) to. (5) in a concentration of 5.0% 
(V/V). Fermentation was carried out at 40''C for 3.5 
rr^ ^V 4. 5 -hours -fallowed by immediate coolihg:.,to. obtain the 
fermented milk samples having a pH.of about 4.5. 
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Numbers of viable cells of the thermophilus bacteria 
and the lactobacillus bacteria in these ferzoented milk 
samples and ratios of the numbers of these two 
bacteria, changes in the number of viable cells . and 
survival fraction of the Bif idobacteroa and pH after 
being stored a: t S'^C for 7 days, are shown in Table 2. 
Selective counting of numbers of vaible cells of the 
thermophilus bacteria and the lactobacillus bacteria 
were capable from the differences in form of colonies 
on the agar plate of the nutrient medium containing 
Brom cresol purple. The number of viable cells of the 
Bifidobacteria was measured according to the colony 
formation ina MGLP agar column [Journal of Food Hygenic 
Society of Japan, volume 23, page 39 (1982)] which is 
a medium for selective colony formation in the 
Bifidobacteria after the decimal dilution of the 
fermented, milk sample with a Mitstioka's dilutent 
.solution for anaerobic bacteria (Mi tusoka: Rinshokensa 
(Journal of Medical Technology), Volume 18, page 1163 / 
(1974) ]♦ Survival fraction of the Bifidobacteria was 
given by percentage (%) of the number of viable cells 
after being stored for 7 days to the number of viable 
cells immediately after preparation. 

Number of viable cells of the thermophilus 
bacteria and the lactobacillus' bacteria in the. 
fermented milk samples after being stored for 7 days 
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were omitted because they were on the equivalent level 
with those values immediately after preparation. 
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As is obvious from Table 2, the survival fraction 
of the Bifidobacteria, after being stored, is 
increased with increase in ratio of the number of 
viable cells of STH-50 to those of the lactobacillus 
5- bacteria immediately after the termination of 

culturing. It is higher by 30 - 100 times,, when the 
compared to the case that the ratio of the number of 
bacteria is 0-5. 
10. on the contrary, in the case of STH-32 having a 

low oxygen uptake ability, the survival fraction of 

the Bifidobacteria after being stored is low even 
under the same conditions as those for the S bacteria. 
15- Significant survival survival of the Bifidobacteria, 
after being strored, is by no means ensured by 
employing STH-32, the thermophilus bacteria for 
fermented milk. 
20. 5) Effect of the S bacteria upon the survival 

ratio of the Bifidobacteria: 

The present inventors tested the survivals of the 
Bifidobacteria when fermented milk samples are 
prepared with S bacteria except M-8205 , thermophilus 
25. bacteria having a low oxygen uptake ability execpt 
• STH-32, standard 9Y and ATQC 19258 in the same manner 

as described in the above section 4). The survival 
ji--:'v fractions of the , Bifidobacteria wher? the numbeo: of . ^ 
viable cells of the thermophilus bacteria was about 40 
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tiroes that, of the lactobacillus bacteria and the 
fermented milk samples were stored at S^'C for 7 days, 
exceeded 10% in the case of using the S bacteria, 
whereas the survival fractions were all lower than If; 
5. in the cases the thermophilus bacteria having a low 
oxygen tiptaking ability, and the standard 9y and ATCC 
19258 were employed under the same conditions. The S 
bacteria is concluded to effect a remarkably high 
10. survival on the Bifidobacteria. 

6) Effect of the thermophilus bacteria on the 
survival of various Bifidobacteria: 

The following tests, were conducted to estimate 
15. the activities of the thermophilus bacteria on the 
survival of various well known Bifidobacteria in 
fermented milk. Four strains of the Bifidobacteria, 
Bifidobacterium bifidum ATCC 15696, Bifidobacterium 
20. infantis ATCC 15697, Bifidobacterium breve ATCC 15700 
and Bifidobacterium adolescentis ATCC 15706, and the 
thermophilus bacteria, ATCC 19258 and M-82p5 were 
subjected to the tests* 

Starters of the thermophilus bacteria, the 
25. lactobacillus bacteria and the Bifidobacteria prepared 
in the same manner as described in the foregoing 
section 4) were inoculated to the separate milk media, 
homogenized and sterilized at 90**C for 10 minutes, in 
concentrations of 2.8% (V/V), q.2%(V/V) and 1.5% 
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(V/V), respectively. Fermentation was carreid out at 
40 •'C for about 4 hours, followed by immediate cooling 
to prepare fermented milk samples having pH 4.6. 
Changes in the number of viable cells of tlie 
5. Bifidobacteria r survival fractions when the fermented 
milk samples were stored at 5**C for 7 days, and pH are 
shown in Table 3. 

Ratio of the number of viable cells of the 
thermophilus bacteria to that of the lactobacillus 
10. bacteria in the fermented milk samples was about 30 in 
the case of the ATCC 19258 strain, and about 20 in the 
case of the M-8205 strain. 
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It is evident from Table 3 that the survival 
fraction of the Bifidobacteria in fermented milk 
varies dependent on the Bifidobacteria species, but is 
about 800 -r 100,000 times as high in the case of using 
5. the M-8205 strain of the S bacteria as that in the 
case of using the ATCC 19258 strain. The S bacteria 
remarkably effects the stimulaiton of survival of 
various well known Bifidobacteria due to the 
10. protective activity on the Bifidobacteria. 

When fermented milk products containing the S 
bacteria and the Bifidobacteria were prepared with 
Lactobacillus acidophilus, Lactobacillus helveticus,^ 
15. Lactobacillus jugurti or Lacliobacillus casei, which 

are taxonomically related to Lactobacillus bulgaricus, 
the survival fraction of the Bifidobacteria was also 
ensured by designing the number of viable cells of the 
20. S bacteria to be higher than 10 times that of the 
lactobacillus bacteria. 
Example 1 

A subculture of Streptococcus thermophilus M-8202 
(STH - .01) was inoculated in 2500 ml of 10% (W/W) 
25. reconstituted skim milk, sterilized at SQ-C for 30 
minutes and cooled, in a concentration of 3% (V/V) , 
and was cultured at 37 ''C for 16 hours. Separately, a 
subculture oJ^ 

inoculated in 100 ml of a medium of the same 
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composition as above, sheirilized at IIS^C for 15 , 
minutes and cooled, in a concentration of 3% (V/V), 
and was cultured at 37**C for 16 hours. 

A subculture of Bifidobacterium Ibngum ATCC 15708 
5-. was inoculated in 1500 ml of a culture medlmn 

containing 0.2% (W/W) of yeast extract and 10% (W/W) 
of skim milk powder, which was sterilized at 90 •^C for 
30 minutes^ in a concentration of 10% (V/V), and was 

10. cultured at 37**C for 6 hours. 

Separately, 100 1 of milk, in which the 
concentrations of milk fat and non-fat milk solid were 
adjusted to 3.1% (W/W) and 9.0% (W/W) respectively, 

15. was heated to 60**C, homogenized under a pressure of 
150 kg/cm , sterilized at 90*^C for 10 minutes and 
cooled to 40**C. 

The sterilized milk was inoculated with the three 
20. starters and was dispensed in containers of 500 ml 
capacity, sealed, fermented at 40 for 4 hours and 
immediately chilled. Fermented milk, thus obtained, 
had a acidity of 0.78% as expressed by lactic acid 
concentration and contained 110 x loVml of Streptococcus 
25. thermophilus, 75 x loVml of Lactobacillus bulgaricus 
and 90 x 10^/ml of Bifidobacterium longum. The n\amber 
of viable cells of Bifidobacterium longum in the 
fermented milk, after being stored at 5*C for 7 days ^ 
^ c -was 12> X »10^/ml\and. the?, survival fraction was 13. 3%; ^^^^i^^-^^^t^ 
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Example 2 

Streptococcus thermophilus M-8204 (STH - 23) was 
inoculated in 30 1 of 18% (W/W) reconstituted skim 
milk containing 0.1% (W/W) of casainino acid/ which was 
5. sterilized at 90*^0 for 30 minutes and cooled at 39'*C, 
in a concentration of 3% (V/V)r and was subjected to 
fermentation at 37 - 38®C for 18 hours. Lactobacillus 
acidophilus ATCC 4356 was inoculated in 2 1 of a 

10. culture, medium containing 0.1% (W/W) of yeast extract 
and 10% (W/W) of skim milk powder, which was 
sterilized at 115**C for 15 minutes and cooled, in a 
concentration of 3% (V/V), and subjected to fermentation 

15. at 37**C for 18 hours. 

Bifidobacterium infantis ATCC 15697 was 
inoculated in 10 1 of a culture medium containing 0.1% 
(W/W) of casamino acid, 0.1% (W/W) of yeast extract 

20. and 12% (W/W) of skim milk powder, which was 

sterilized at gO^'C for 30 minutes a:nd cooled, . and was . 
subjected to fermentation at 37°C for 8 hours. 

Separately, 65 kg of syrup containing 13 kg of 
sugar, 0^6 kg of acid-resistant carboxy methyl 

25. cellulose and 0*2 kg of flavoring agent was sterilized 
at 120 **C for 2 seconds and cooled to about 20*'C. 
Thirty kg of the fermented milk by Streptococcus 
thermophilus, 2 kg of the fermented milk by Lactobacillus 
.acidophilus, and 10 kg of the fermented milk by 



Bifidobacterium inf antis were mixed with 58 kg of the 
syrup. The mixture was twice homogenized at of 50 kg/ 
and 100 kg/cm r and filled in glass bottles of 200 ml 
in volume to produce about 400 bottles of fermented 
5. m:ilk beverage. Thus obtained fermented milk beverage 
of pH 4.8 contained 32 x loVml of Streptococcus 
thermophilus, 22 x loVml of Lactobacillus acidophilus 
27 X 10 Vml of Bifidobacterium inf antis, and acidity 
10. of 0- 63% as expressed by lactic acid concentration. 
Number of viable cells of Bifidobacterium inf antis in 
the beverage after being stored at 5**C for 7 days was 
29 X loVml and the survival fraction was 10.7%. 
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What is claimed is: 

1. A culture containing viable cell mass of 
Bifidobacteria and lactic acid bacteria, which is 
obtained by incubating microorganisms of genus 
Bif idobacteriumr genus Lactobacillus and Streptococcus 
therroophilus in a medium containing milk as a main 
ingredient, characterized by; 

(a) said microorganism belonging to Streptococcus 
thermophilus having the oxygen uptake ability of 
at least 30 nano moles per milligram of dried cell 
of said Streptococcus thermophilus per minute as 
defined by oxygen consumption which was . 
determined according to Warburg's manometric 
method, 

(b) at least 5% survival cell fraction of genus 
Bifidobacterium as expressed by the ratio in % of 
the cell number after storage to the cell number 
prior to storage, in an aerobic condition at 5**C 
for 7 days, and 

(c) larger number of viable cells of Streptococcus 
thermophilus by at least 10 times than the; viable 
cell number of genus Lactobacillus, at the time 
immediately after the incubation. 

2. A culture according to Claim 1, characterized 
by containing- each viable cell V mass of , ^< 

(a) at least 1 x 10^ of Streptococcus thermophilus 



i 
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(b) at least 2 x 10^ of genus Bif idobacteriuBi/ and 

(c) at least 5 x 10^ of genus Lactobacillus 

per milliliter of said culture, immediately after 

the. incubjation of said culture. 
5, 3, A culture according to Claims 1 and 2, ' 

characterized by that said Streptococcus thermophilus 
is at least one microorganism selected from the group 
consisting of Streptococcus therinophilus M-8202. (FERM 
10. BP-351)r Streptococcus thermophilus M-8203 (FERM 
BP-352>f Streptococcus thermophilus M-8204 (FERM 
BP-353) and Streptococcus thermophillus M-8205 (FERM 
BP-354). 

15. 4. A process for preparing a culture containing 

viable cell mass of Bifidobacteria and lactic acid 
bacteria, character i ze^ by inoculating a strarter 
mixture comprising (a) a strater of microorganism of 
20. genus Bifidobacterium, (b) a starter of genus 
; I^ctobacillus. and (c) a starter of Streptococcus 
thermophilus having the oxygen uptake ability of at 
least 30 nano mole per milligram of dried cell of said 
Streptococcus thermophilus per minute as defined by 
25. oxygen consumption which was determined according to 
Warburg's manometric method, to a medium containing 
milk as a main ingredient and aerobically incubating 
said medium; or separately incubating each of said 
- starters to the. respective medium, aerobxcally . j : 
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incuabting each of said media and finally mixing the 
obtained culture together, 

5. A process according to Claim 4, wherein the 
mixing ratio by weight of the starter of genus 
Bifidobacterium the starter of genus Lactobacillus : 
thej strater of Streptococcus thermophilus is 100 : 0.5 
to 50 : 3.0 to SdO. 

G. A process according to Claims 4 and 5, 
wherein said medium inoculated with the mixed starter 
is incubated at 37 to 42'*C for 3 to 24 hours. 

7. A process according to Claim 4^ the mixing 
ratio by weight of the culture obtained from genus 
Bifidobacterium : the culture, obtained from genus 
Lactobacillus : the culture obtained from Streptococcus 
thermophilus is 100 : 0.28 to 625 : 11 to 24,800. 



